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The greying of the post-war baby-boom generation and
reased longevity are forcing European countries to
tpone the mandatory retirement age to maintain the
ncial sustainability of the pension systems. This places
nitive function at older ages among the top public
lth priorities (Mauer, 2010). Skirbekk et al. (2012) show
t variation in cognitive functioning of older workers
create large differences in the severity of the ageing problem
between countries. Several studies in the economic
literature analyze the physical and mental health of early
versus later retirement (Dave et al., 2008; Coe and Zamarro,
2011). Furthermore, there is an emerging literature on the
effects of labor market inactivity on a person’s cognitive
abilities. While the psychological literature raises the
related question of whether the non-use of cognitive
abilities causes cognitive decline (Schaie, 1994; Bosma
et al., 2003), it does not relate the use or non-use of cognitive
abilities to participation in the labor market. This raises the
question of whether we have more cognitive stimuli at work
or during retirement, which may mitigate the negative
relation between cognitive capacity and age (Salthouse,
2006). Mazzonna and Peracchi (2012) develop a human
capital model which explains that those retired lose the
incentive to invest in cognitive repair activities. This model,
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A B S T R A C T
This paper uses longitudinal data to analyze the relation between retirement and cognitive
development in the Netherlands. Controlling for individual ﬁxed effects and lagged cognition,
we ﬁnd that retirees face lower declines in their cognitive ﬂexibility than those who remain
employed, which appears to be persistent 6 years after retirement. However, the information
processing speed of low-educated retirees declines faster. The magnitude of both changes in
cognition is such that retirees appear 5–6 years younger in terms of cognitive ﬂexibility, and
older in terms of information processing speed. We show that these relationships between
retirement and cognitive development cannot be explained by (1) feeling relieved from
routine work, (2) changes in mood, (3) changes in lifestyle, and (4) changes in blood pressure.
The decline in information processing speed after retirement particularly holds for the low
educated. This could increase the social costs of an aging society.
 2015 Elsevier B.V. All rights reserved.
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their cognitive abilities for investment purposes. Instead,
those who retire from a routine job or retirees who change
their lifestyle might have more stimuli to maintain their
cognitive abilities when retired. Moreover, Woollett and
Maguire (2011), suggest that there might be a trade-off
between various dimensions of cognition. This might
particularly hold for low skilled who have a limited brain
reserve (Staff et al., 2004).
Whereas Coe and Zamarro (2011) do not ﬁnd any effect,
Bonsang et al. (2012) and Rohwedder and Willis (2010) as
well as Mazzonna and Peracchi (2012) ﬁnd that retirement
has a negative effect on cognitive functioning. These
studies use the same or similar datasets and use country
differences in the age pattern of retirement, retirement
eligibility or the difference between the actual and
legislated ages of eligibility for early and normal retire-
ment to control for unobserved heterogeneity and the
endogeneity of retirement decisions. Bingley and Marti-
nello (2013) show that different levels of average schooling
across countries drive the negative correlation between
retirement and cognitive functioning. Their replication
study shows that this explains a large part of the negative
retirement effects found in the earlier studies.
Furthermore, most studies focus merely on cognitive
ability as measured by a word recall test or a verbal ﬂuency
test due to lack of alternative data on other measures of
ﬂuid intelligence (Salthouse, 2012).1 However, it should be
noted that cognition refers to broad aspects of intellectual
functioning including cognitive ﬂexibility and information
processing speed (Bosma et al., 2003; De Grip et al., 2008;
Mauer, 2010).
This paper analyzes the effects of both the transition
from work to retirement and being retired on the develop-
ment of a person’s cognitive abilities.2 We distinguish
between four dimensions of cognition: (1) immediate, (2)
delayed verbal memory, (3) cognitive ﬂexibility (Stroop
test), and (4) information processing speed and three types
of labor market activity namely employed, inactive and
retired. Our analyses use longitudinal information on
workers’ cognitive abilities from the MAastricht Aging
Study (MAAS; Jolles et al., 1995). We address the issue of
causality using the panel structure of the data. In this data
set, a person’s cognitive abilities and labor market activity
are measured at three points in time, wave 1 in 1993–1995;
wave 2 in 1999–2001; wave 3 in 2005–2007. This allows us
to measure the impact of changes in labor market activity on
a person’s cognitive abilities while controlling for individu-
als’ ﬁxed effects and lagged levels of cognition.3
The structure of these data allows us to distinguish
between those who have been retired for at least 6 years
and those who retired in more recent years. This allows us
to differentiate between the short-term impact of the
transition from work to retirement from the long-term
impact of being retired. Furthermore, our data allow us to
distinguish between retirement and non-retirement-re-
lated inactivity (i.e., unemployment or unpaid housework
at an earlier age). This distinction could be important
because retirement might be related to different life-style
changes than being unemployed.4
Our dynamic ﬁxed effects estimates show that those
who retire face a signiﬁcantly smaller decline in cognitive
ﬂexibility. This smaller decline appears to be persistent
since those who have been retired for six years or more also
show a signiﬁcantly lower decline in cognitive ﬂexibility.
The size of the changes in cognitive ﬂexibility related to
retirement is considerable and compares to the loss in
cognitive ﬂexibility between the ages of 65 and 70–71
years old. However, workers who retire face a signiﬁcantly
higher decline in information processing speed compared
to those who remain at work. This reverse change in
cognitive development is of similar magnitude to the
change in cognitive ﬂexibility related to retirement.
Following Coe and Zamarro (2011), we do not ﬁnd a
signiﬁcant effect of retirement on (delayed) memory as
Bonsang et al. (2012), Rohwedder and Willis (2010) and
Mazzonna and Peracchi (2012) did. These results show that
retirement may have different effects on the various
dimensions of a person’s cognitive ability.
It is important to note that in as far as our methodology
could not remove any dynamic forms of endogeneity,
consensus in the current literature is that a negative shock
in cognition induces people to retire because they ﬁnd it
more difﬁcult to prolong employment. Hence, those with
high cognition remain working, i.e., there is a positive
correlation between working and cognition in the absence
of any true causal relation. In this case a positive coefﬁcient
for work on cognition could simply reﬂect endogeneity.
However, in our paper, we ﬁnd that retirement is positively
related to cognitive ﬂexibility (STROOP). Hence, this
outcome cannot be explained by a negative selection into
retirement.
We test some hypotheses that may mitigate the
relationship between retirement and a person’s cognitive
development. The ﬁrst hypothesis focuses on the possibly
negative effect of continuous employment in an uninspiring
job on a person’s cognitive development. From this
hypothesis, we derive the expectation that, after a certain
age, working has a wearing effect on certain cognitive
abilities after someone has been doing the same routines for
many years. Therefore those who are low-educated
especially may beneﬁt from this relieved effect when they
retire. However, as high-skilled workers retire from jobs that
1 Mazzonna and Peracchi (2012) also include scores on numeracy and a
modiﬁed measure of orientation in time in their analyses.
2 Our data do not allow us to include non-cognitive abilities such as
perseverance (see e.g., Heckman, 2006) and creativity (see e.g., Tremblay
et al., 2010).
3 We use the bias-corrected Least Squares Dummy Variable (LSDV)
estimator developed by Kiviet (1995) to account for the inherent
downward bias in dynamic panel regression with ﬁxed effects. The
dynamic ﬁxed-effect model enables us to account for the effect on
4 Other studies on the relationship between retirement and cognitive
functioning consider anyone who is not in the paid labour force as being
retired (Coe and Zamarro, 2011), while Bonsang et al. (2012) include allcognition of unobserved variables that are constant over time condition-
ally on lagged cognition.
those who are out of the labour market with the intention to of staying out
permanently. In these studies, those retired include the disabled.
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rement might particularly have a negative effect for the
h skilled. We test these hypotheses by including an
raction term for the transition from work to retirement
h respondents’ level of education in the analysis.
Our dynamic ﬁxed effects estimates allow us to control
potential biases due to (i) unobserved heterogeneity
t is constant over time and (ii) endogeneity in the
rement decision related to the previous cognition level.
ever, our estimates are not robust for changes in
racteristics that affect both the change in cognition and
 retirement decision. We therefore formulate our
ond and third hypotheses, which further challenge
 relation between retirement and cognitive decline by
luding changes in observed characteristics related to
nition. The second hypothesis builds on the empirical
ropsychological literature, which ﬁnds evidence that a
son’s mood or mental health has a positive effect on
nitive development. Since mood changes are potential-
ositively related to cognitive development, the positive
tion between retirement and cognitive ﬂexibility could
ue to a positive effect of retirement on a person’s mood
tive to continued labor market activity (see Calvo et al.,
7). Conversely, the negative relation between retire-
nt and information processing speed may be explained
 negative effect of retirement on a person’s mood. Since
 data contains information on individuals’ moods at
ee points in time, we test this hypothesis by including
od changes in the regression of cognitive development
activity status, and check the impact this inclusion has
the relation between retirement on cognitive decline.
The third hypothesis builds on empirical evidence
nd in the neuropsychological literature on the effect
style can have on cognitive development (see Calero-
cia and Martinello, 2007; Fratiglioni et al., 2004;
villa et al., 2000). Since one expects individuals to
nge their lifestyle when they retire, the relation
ween retirement and a person’s cognitive development
ld be due to the effect of retirement on lifestyle. Our
a contain detailed information on the physical health of
ividuals and their drinking habits at the three points of
asurement. These indicators for a person’s lifestyle can
used to test our hypothesis by including changes in
style characteristics in the regression of activity status
cognitive decline and checking the impact this has on
 relation between retirement and cognitive decline.
We found no evidence that changes in lifestyle and mood
ld explain the positive relation between retirement and a
son’s cognitive ﬂexibility nor the negative relation
ween retirement and information processing speed are
 to changes in a person’s mood or lifestyle upon
rement. However, we ﬁnd evidence that the negative
tion between retirement and a person’s information
cessing speed is only true for low-educated persons.
Our paper contributes to three broader segments of the
rature. First, it contributes to the literature on the
olescence of human capital due to non-use (see Rosen,
5; Mincer and Ofek, 1982; De Grip et al., 2008) by
ning insight into the differences in the wear and tear
cts of cognitive abilities during periods of labor market
literature (e.g., Costa, 1998) on the social costs and beneﬁts
of postponing early and mandatory retirement. Third, we
contribute to the literature on the costs and beneﬁts of
retirement and other kinds of labor market inactivity at the
individual level. Whereas increasing numbers of studies
examine the mental health and unhappiness effects of
unemployment (e.g., Hamilton et al., 1997; Browning et al.,
2006; Tefft, 2010) or retirement (e.g., Lindeboom et al.,
2002) only a few, as mentioned above, study the effects on
a person’s cognitive abilities. These studies, however, do
not take into account two major aspects of ﬂuid intelli-
gence: cognitive ﬂexibility and information processing
speed (De Grip et al., 2008; Adleman et al., 2002).
Furthermore, with the exception of Mazzonna and
Peracchi (2012), most studies do not specify a model that
distinguishes between workers who recently retired and
those who prolong their retirement. Finally, we contribute
to this literature by using cognitive tests which are done in
a hospital lab setting. This will improve the testing
commitment of all participants and might mitigate any
possible differences in test effort by employed and retired
persons which could occur in an informal setting at home,5
and prevent that estimation results are affected by intra-
household learning which occurs when respondents
witness the tests of another household member (Maz-
zonna and Peracchi, 2012).
The remainder of the paper is organized as follows.
Section 2 discusses the data and the measures of cognitive
ability, mood and lifestyle that we use in our analyses,
including some descriptive statistics. Section 3 outlines our
empirical methodology and reports on the estimation
results. Section 4 tests the three alternative hypotheses in
mitigating the relation between retirement on cognitive
decline. Section 5 concludes the paper.
2. Data
For this study, we used the data of the MAastricht Aging
Study (MAAS) (see Jolles et al., 1995). Participants were
recruited from the Registration Network of Family Practices
(RNH, Metsemakers et al., 1992), a database of collaborating
general family doctors’ practices in the region of South-
Limburg, the Netherlands. Exclusion criteria at the baseline
were chronic neurological pathology (e.g., evidence of
strokes, epilepsy or dementia), mental retardation or
chronic psychotropic drug use. Participants were stratiﬁed
for age (12 age categories), gender, and level of general
ability (two levels, based on activities in professional life
(Van Berkel and Tax, 1990).
The MAAS data include 1823 individuals who were
between 24 and 81 years old at the baseline measurement
in 1993-1995, say, time T. After six years, 1388 persons
(76.1%) were retested with the same test battery (i.e., in the
period 1999-2001), at T + 6, while after 12 years (i.e., in the
period 2005–2007), at T + 12, 1208 persons (66.3%) were
again retested. The probability of dropping out is not
5 Duckworth et al. (2011) show that under low-stakes researchitions test motivation could affect test results as some individuals
arder than others.ivity and inactivity. Second, we contribute to the
cond
try h
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cognitive measures (in levels and change), except for
information processing speed, for which there is some
evidence that those who dropped out between wave 2 and
3 had experienced a lower decline in that measure
between the ﬁrst two measurements.6 These data com-
prise a three-period unbalanced panel of about 1360 indi-
viduals for which we could estimate regressions including
lagged variables. On average, individuals were observed
2.7 times.
These data enable us to distinguish between three
different labor market statuses: employed, retired, and
(other) inactive. The ‘‘retired’’ category encompasses early
retirement (those younger than 65 years who stated they
are retired) and retirement deﬁned as people aged 65 (i.e.,
the mandatory retirement age) or older who do not have
paid work. Those who are neither employed nor retired are
classiﬁed as inactive.7
As indicated by the transition matrices between t and
t + 6, with t = T, T + 6, reported in Table F1 in the Appendix, a
non-negligible number of persons changed their employ-
ment status in the two periods we distinguished. In both
periods about 20% change their employment status. This
means that we have sufﬁcient observations off the diagonal
to distinguish between, for instance, persons inactive at
both t and t + 6 from those inactive at t but employed at
t + 6. The remainder of the paper distinguishes between six
groups: those inactive at both t and t + 6 (group II), those
inactive at t and employed at t + 6 (group IE), those retired at
both t and t + 6 (group RR), those employed at t and inactive
at t + 6(group EI), those employed at t and retired at t + 6
(group ER), and the reference group (EE), consisting of those
employed both at t and t + 6.
2.1. Cognitive abilities
In the three test periods, T, T + 6 and T + 12, respondents
underwent the same set of standard neuropsychological
tests to assess the following cognitive domains:
 Memory, as in immediate recall (Word Learning Task or
WLT test).
 Memory, as in delayed recall (WLT test).
 Cognitive ﬂexibility (Stroop test).
 Information processing speed (Letter Digit Substitution
Test or LDST).
The WLT evaluates the ability to acquire and retain new
verbal information (Van der Elst et al., 2005). In each of
three trials, a set of 15 frequently used monosyllabic words
were presented in a ﬁxed order at a rate of one every
2 seconds. These tests enable us to measure two aspects of
a person’s cognitive abilities: their immediate recall
abilities and their delayed recall abilities. After every trial,
the participant had to reproduce the memorized words
(immediate recall test). The total number of correctly
reproduced words in three trials was recorded.8 Twenty
minutes after the last trial, the participant was again asked
to reproduce the set of words (delayed recall test) and the
number of correctly reproduced words was recorded.
Selective attention and susceptibility to perceptual
interference was measured by the Stroop Color and Word
Test (Stroop, 1935; Van der Elst et al., 2006b) which
indicates a person’s cognitive ﬂexibility. The test involves
naming as quickly as possible the colors of the printing ink
of 100 names of colors that do not match the color of the
ink with which they are printed. The number of seconds to
complete the task is recorded.9 Performance in this test is
determined largely by the time needed to discard
irrelevant but very salient information (verbal) in favor
of a less obvious aspect (the printing ink color). It should be
noted that a higher score (i.e., more seconds) on this test
indicates lower cognitive ability.
Finally, we used the LDST, a paper-and-pencil task in
which a person is asked to copy as accurately and as
quickly as possible the numbers in a series of boxes that are
indexed by a unique letter. The letters refer to nine letter–
number combinations displayed in a table at the top of the
test sheet. The number of correctly copied numbers after
90 seconds is used as the measure of interest (Van der Elst
et al., 2006a). In neuropsychological assessment, this test is
often used to obtain a general measure of information
processing speed (Lezak, 2004).
It is important to note that since employment status
(retirement) is correlated with age, one needs to carefully
isolate changes in cognition due to age from changes due to
other causes (e.g., changes in employment status). As
Figs. 1 and 2 in the Appendix suggest, the age-proﬁles of
cognition and cognitive decline can be accurately approxi-
mated by low-order polynomials, for instance the qua-
dratic form.
Table F2 in the Appendix shows the average mean levels
and standard deviations of the variables for the three
groups on which our analyses focus. The table shows that
those who remained employed between t and t + 6 had
higher cognitive abilities than those who remained retired.
Moreover, those who retired (i.e., changed from being
employed to being retired) between t and t + 6 also had
lower cognitive abilities than those who remained
employed. However, these differences are largely due to
the large difference in average age between the two
groups.
In addition, Table F3 shows the average changes in the
variables used over the two 6-year periods for the three
groups of interest. The table shows that none of the means
of the changes are statistically signiﬁcant. When compar-
ing the means of a variable across groups it should be noted
6 These results are derived from a (probit) regression of the attrition
status (dummy equals one if a participant dropped out of the study) on
labor market activity, levels and changes in our four measures of
cognition and age and education. Detailed results are available from the
authors upon request.
7
8 Interviewees have no strict time restrictions. When they cannot recall
more words they are asked whether they think they know more words. If
not, then the trial stops. This was always within 60 s.
9 If the person gives the wrong answer he or she should give a second
reply, i.e., for each item the Stroop test waits till the person gives theWhen those who are inactive reach the age of 65 we consider these
individuals to remain inactive as there is not any change in circumstances.
correct answer. Wrong answers therefore lengthen the time it takes to
pass all items.
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ounted for in this table.
 Mood
Our test of alternative explanations for the relation
ween cognitive decline and retirement when measuring
cognition by information processing or cognitive ﬂexibility
uses the data available on the respondents’ mood. To
measure mood, we use the respondents’ responses to mood-
related questions that ask the respondents to express the
extent to which they agree with 16 statements related to
their mood or mental health (‘depression’) (cf. Wallace and
Herzog, 1995). The following is a subset of four of these
statements.
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extent does the following apply to you?
 I blame myself for everything happening to me.
 I feel lonely.
 I am at the far end of my rope.
 I am irritable.
Principal component analysis on the 16 statements
reveals that the answer to the third statement above, ‘‘I am
at the far end of my rope,’’ correlates very strongly, at about
0.84, with the ﬁrst two principal components that together
explain about 50% of the total variance. Since missing
values are relatively frequent and scattered across state-
ments, we limited the number of missing values by using
the answer to this particular statement as a proxy for
mood, rather than the sum of the answers to all
16 statements.10 We construct our measure of mood by
subtracting the answer to the statement from zero such
that a higher score indicates a better mood. Table F2 shows
the average mood changes over the two 6-year periods for
the 3 groups of main interest. The table shows that none of
the means of the changes are statistically signiﬁcant.
2.3. Lifestyle
To test our third hypothesis on the effect of differences
in life style on cognitive development, we use data
available on the physical health and drinking behavior
of the respondents. Since we are interested in physical
health changes related to life styles, changes in Body Mass
Index (DBMIt+6) and diastolic blood pressure,
11 (DBPt+6),
seem to be the most appropriate variables. Moreover, we
use the available data on changes in drinking behavior as
proxied by the average number of glasses of alcohol per
day (DDDrinkt+6). However, of the 1360 respondents
selected, we only obtained information on alcohol use
for about 990 persons in the three waves. Table F3 shows
the average changes in the three lifestyle indicators over
the two 6-year periods for the three groups of main
interest. The table shows that none of the means of the
changes are statistically signiﬁcant.
3. Empirical methodology and results
3.1. Main model
This paper analyzes the impact of labor market status
on cognition. The model we estimate is:
Cogitþ6 ¼ X0itþ6b þ Z0iv þ aCogit þ dERERit þ dRRRRit
þ dIIIIit þ dIEIEit þ dEIEIit þ tt þ eitþ6 (3.1)
where X0it contains covariates that vary over time, age, and
age squared,12 Zi contains covariates that are constant over
time such as gender, eight educational dummies and eight
occupational dummies. ERit takes the value one if person i
was employed at t and retired at t + 6 and zero otherwise,
RRit takes the value one if person i was retired at t and retired
at t + 6 and zero otherwise, IIit takes the value one if person i
was inactive at t and t + 6 and zero otherwise, IEti takes the
value one if person i was inactive at t and employed at
t + 6 and zero otherwise and EIit takes the value one if person
i was employed at t and inactive at t + 6 and zero otherwise.
tt a period-speciﬁc ﬁxed effect. Furthermore, we relate
cognition at t + 6 to a person’s level of cognition at t. This
enables us to take into account the fact that the absolute loss
of cognition may be higher for those with higher levels of
cognition at the beginning of the period.
We begin the analysis by estimating the model depicted
in Eq. (3.1) ignoring the panel structure of the data and
applying OLS to the pooled cross-section for our four
measures of cognition, respectively the WLT, delayed WLT,
Stroop and LDST separately. As noted, a higher score
indicates higher cognitive abilities for all tests but the
Stroop, where a high score (i.e., more seconds) indicates
lower cognitive abilities.
Table 1 shows that those who were retired at both t and
t + 6 show a signiﬁcantly higher cognitive ﬂexibility
compared to people who were employed at both t and
t + 6. For those who were inactive at both t and t + 6 we ﬁnd
a similar (although smaller) relationship. However, we do
not ﬁnd a similar signiﬁcant effect for those who retired
between t and t + 6. Furthermore, our estimation results
show that, for all four measures, cognitive abilities at
t + 6 are positive and signiﬁcantly related to initial cognition.
These results should however be interpreted with care since
the OLS method does not allow one to control for individual
ﬁxed effects which might bias the results.
Next we estimate the model using ﬁxed effects techni-
ques. The effect of variables contained in Zi, ﬁxed over time,
are now captured as part of the individual ﬁxed effects mi:
Cogitþ6 ¼ X0itþ6b þ aCogit þ dERERit þ dRRRRit þ dIIIIit
þ dIEIEit þ dEIEIit þ tt þ mi þ eitþ6 (3.2)
As is well known in the literature (Nickell, 1981), the
slope coefﬁcients in this model are downward biased when
using Least Dummy Variable Estimator (LSDV). To correct
for this bias, we apply Kiviet’s (1995) bias-corrected LSDV
estimator (LSDVC), and in particular use the Stata routine
xtlsdvc developed by Bruno (2005).13
It is important to note that our speciﬁcation in Eq. (3.2)
is dynamic. The identifying assumption of our ﬁxed effects
model requires that the effect of unobserved variables on
cognition is constant over time conditional on lagged
cognition. This identifying assumption is weaker than that
required in a static ﬁxed effects model because we take
10 Alternatively we also have also used the ﬁrst principal component of
the statements on mood. This analysis gives similar results for the main
variables of interest as in Table 4.
11 The dataset also includes a measure of auditive functioning, but this
measure (in levels or changes) is not correlated with labor market activity
or our measures of cognition. We have also tested alternative speciﬁca-
12 As suggested by Figs. 1 and 2, the quadratic form is sufﬁcient to pick
up the age proﬁle in cognitive decline. Higher orders are rarely signiﬁcant.
13tions such as systolic BP as well as dummies on changes in BMI passing
obesity thresholds 30 and 35.
Standard deviations are derived using the bootstrapping procedure of
Bruno (2005) in order to account for the unbalanced nature of our panel.
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iables that are constant over time at given levels of
t cognition.14 In other words, if individuals decide to
re between t and t + 6 based on their level of cognition
, then our estimates are consistent while the static
d-effects estimates would be inconsistent. Only when
 decision to retire between t and t + 6 is related to the
nition at t + 6 conditional on the cognition at t, would
 estimates be biased. 15 Section 4 of this paper provides
ensions that attempt to control further for the
ogeneity of retirement decision of the latter type by
luding variables that affect cognition and change over
e.
The results are reported in Table 2. With respect to
rmation processing (LDST), cognitive decline is
er and signiﬁcant for those who retired between t
 t + 6 compared to those who continued working,
while with respect to cognitive ﬂexibility (Stroop test)
the cognitive decline is still lower and signiﬁcant. This
ﬁnding shows that the relation between retirement and
cognitive development has a different direction for
different dimensions of cognition. The magnitude of
both changes in cognition is considerable, resembling
the difference in cognition between the age of 65 and
70 years old.
Table F4 in the Appendix shows the estimation
results of a static ﬁxed-effects model. The table shows
that we get similar results with respect to memory, but
also for our most remarkable results: the positive
relation between retirement and cognitive ﬂexibility.
The negative relation between retirement and infor-
mation processing speed is no longer signiﬁcant.
However, it should be noted that the static ﬁxed-effects
model does not include the lagged cognition which
controls for potential biases due to endogeneity in the
retirement decision related to the previous cognition
level.
Furthermore, we have experimented with various age
speciﬁcations such as selecting only respondents aged
50 and above at baseline or adding a cubic term. In all
these speciﬁcations we found estimates for ER and RR of a
similar magnitude as those presented in this paper. The
estimates are still signiﬁcant for the cubic speciﬁcation
but when we select only those aged 50 or more at baseline
measurement all coefﬁcients for the various labor market
status groups become insigniﬁcant although we ﬁnd
similar coefﬁcients as in our estimates with the full
sample. It should however be noted that we analyse
cognitive development during a period of 12 years. When
le 1
act of labor market status on cognitive ability: OLS regressions.
WLT WLT del Stroop LDST
ployed to Employed Ref. Ref. Ref. Ref.
tired to Retired 0.16 0.34* 5.29*** 0.67
(0.36) (0.18) (1.93) (0.44)
ployed to Retired 0.11 0.12 3.71 0.77
(0.46) (0.24) (2.48) (0.56)
active to Inactive 0.02 0.02 2.93** 0.01
(0.27) (0.14) (1.45) (0.33)
active to Employed 0.07 0.20 0.51 0.13
(0.41) (0.21) (2.19) (0.501
ployed to Inactive 0.07 0.04 3.05 0.11
(0.39) (0.20) (2.05) (0.47)
gged cognition 0.55*** 0.60*** 0.90*** 0.83***
(0.02) (0.02) (0.03) (0.01)
e 0.11** 0.13*** 1.66*** 0.28***
(0.05) (0.03) (0.28) (0.06)
e square (/100) 0.18*** 0.16*** 2.03*** 0.40***
(0.04) (0.02) (0.24) (0.05)
male 1.02*** 0.54*** 2.17** 0.70***
(0.20) (0.10) (1.05) (0.24)
mmy wave 3-2 1.04*** 0.50*** 1.01 4.88***
(0.20) (0.10) (0.98) (0.23)
nstant 9.58*** 1.22 42.17*** 0.634
(1.59) (0.80) (8.54) (1.20)
ucation
dummies
Yes Yes Yes Yes
cupation dummies Yes Yes Yes Yes
arital status dummies Yes Yes Yes Yes
servations 2444 2442 2413 2443
squared 0.282 0.242 0.148 0.354
ndard errors in parentheses.
n the Standard Classiﬁcation of Occupations of Statistics Netherlands
pation is deﬁned on a scale from 1 lower level to 7 higher level.
p < 0.10.
 p < 0.05.
* p < 0.01.
Table 2
Impact of labor market status on cognitive ability: ﬁxed-effects
regressions.
WLT WLT-del Stroop LDST
Employed to Employed Ref. Ref. Ref. Ref.
Retired to Retired 0.18 0.22 8.90* 1.31
(0.69) (0.41) (4.79) (1.31)
Employed to Retired 0.02 0.31 5.66* 1.88***
(0.60) (0.25) (3.06) (0.72)
Inactive to Inactive 0.37 0.35 2.88 0.64
(0.61) (0.31) (3.02) (0.85)
Inactive to Employed 0.21 0.41 2.21 0.17
(0.55) (0.30) (3.4) (0.85)
Employed to Inactive 0.24 0.29 3.92 0.18
(0.52) (0.23) (2.79) (0.70)
Lagged cognition 0.09* 0.04 0.24 0.29**
(0.05) (0.05) (0.22) (0.12)
Age 0.07 0.41** 6.39*** 0.87**
(0.29) (0.17) (1.53) (0.37)
Age square (/100) 0.25*** 0.34*** 4.88*** 1.04***
(0.09) (0.05) (0.68) (0.15)
Dummy wave 3-2 1.22 0.56 12.52 2.84
(1.83) (0.99) (9.13) (2.02)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses.
* p < 0.10.
** p < 0.05.
*** p < 0.01.
Robustness analyses however show that excluding the lagged
ition does not affect our main results signiﬁcantly.
As we only observe people every six years we cannot take account of
en drops in cognition in the years in between that might cause
ement decisions later in the 6-year period. However, our ﬁnding that
e who retire face less decline with respect to their cognitive ﬂexibility
 odds with this potential bias of our results.
A. de Grip et al. / Economics and Human Biology 19 (2015) 157–169164we only include those who were 50 or older at baseline
measurement we have a very small number of employed
workers who are employed in the third wave of the panel
as the average retirement age in the Netherlands was
below 61 in these years. Finally, we also ran models
separately for men and women and found no signiﬁcant
differences.16
3.2. Measurement errors and the testing effect
As is well known in the psychological literature,
cognitive tests suffer from a testing effect; that is, at
constant cognitive ability, people will perform better at a
test they have already done in the past (see e.g., Karpicke
and Roediger, 2008). The testing effect could be seen as a
speciﬁc change in measurement errors from wave to wave.
Including the Dummy for wave 3-2 into the regression
takes into account the general impact of the testing effect,
whereas lagged cognition might measure a testing
effect which is related to individuals’ level of cognition
(see Table 2).
One may still argue, however, that measurement errors
are systematic and drive the strong negative effect of
retirement on cognitive decline. Suppose indeed that
cognition is measured with errors and write Cog = Co-
g * + err where Cog is measured cognition, Cog* is real
cognition, and the err are measurement errors. Suppose
further that the errors of measurement systematically
differ across employment groups and especially between
retired people and workers. A possible reason for this
could be that retired people are more motivated to
perform well in the test, are less stressed, or have more
time to prepare, such that they have better test results
than those with the same cognitive abilities but who are
still employed. In this case, it is conceivable that for retired
persons measured cognition is equal to true cognition
Cog = Cog*, while for employed persons measured cognition
is below true cognition, Cog< Cog * or err < 0. Hence, we
would ﬁnd a larger cognition for retired persons relative to
persons that remain employed even if true cognition is the
same for both groups. Although theoretically possible, the
change in the ‘‘motivation’’ of retired people relative to the
employed that isrequired toﬁtwiththecoefﬁcientsshownin
Table 2 is implausible. Retired people, for instance, need to
increase their motivation for the Stroop test compared to
employed persons to increase their cognition by six to
seven points compared to those employed. As mentioned
above, the magnitudes of our estimates correspond to the
loss of cognition a person experiences between the ages of
65 and 70 years. This casts serious doubts on the
plausibility of measurement errors as the driving force
behind the lower decline in cognitive ﬂexibility we found
for retired persons. In addition, a higher test effort of the
retired is not in line with the greater decline in their
information processing speed.
4. Tests of alternative hypotheses
4.1. Cognitive declines among the low educated
The lower cognitive decline of retired persons could be
due to the fact that working after a certain age has a
wearing effect on cognitive ability. This ‘‘relieved effect’’
can especially occur when low-educated workers retire
from a job in which that repeated the same routines for
years. Low-educated workers who retire might therefore
have a higher level of cognition than those who remain
employed. Conversely, particularly retirees who are lower
educated might develop a very inactive lifestyle. However,
Schooler et al. (1999) ﬁnd that having complex work that
requires ‘‘thought and independent judgment’’ improves
intellectual ﬂexibility. Therefore retirement might partic-
ularly have a negative effect on those who retire from a
more complex job. To test these competing hypotheses, we
check whether the effect of retirement on cognitive decline
is linked to workers’ level of education. For this purpose,
we augment our regression with the interaction of
retirement ER with workers’ level of education, focusing
on the dichotomy between high educated (higher second-
ary education, higher vocational education and university)
and low-educated persons.17 However, we ﬁnd evidence
Table 3
Fixed-effects regressions: heterogeneous effects of retirement by level of
education (high-educated versus low-educated).
WLT WLT-del Stroop LDST
Employed to Employed Ref. Ref. Ref. Ref.
Retired to Retired 0.18 0.14 8.70* 1.58
(0.67) (0.41) (4.82) (1.31)
Employed to Retired 0.04 0.14 4.63 3.36***
(0.78) (0.34) (3.89) (0.98)
Employed to Retired
for high educated
0.02 0.84* 1.86 2.79**
(0.97) (0.47) (4.95) (1.41)
Inactive to Inactive 0.37 0.32 2.81 0.73
(0.61) (0.31) (3.08) (0.85)
Inactive to Employed 0.21 0.40 2.18 0.12
(0.55) (0.30) (3.43) (0.86)
Employed to Inactive 0.24 0.27 3.89 0.22
(0.53) (0.23) (2.79) (0.70)
Lagged cognition 0.09* 0.04 0.24 0.30**
(0.05) (0.05) (0.22) (0.12)
Age 0.07 0.41** 6.38*** 0.83**
(0.29) (0.17) (1.54) (0.37)
Age square (/100) 0.25*** 0.34*** 4.87*** 1.03***
(0.09) (0.05) (0.68) (0.15)
Dummy wave 3-2 1.22 0.53 12.50 2.72
(1.83) (0.99) (9.13) (2.03)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses.
* p < 0.10.
** p < 0.05.
*** p < 0.01.
16
17 The estimation results, presented in Table 3 show that the decline inThe results of these estimates are available from the authors upon
request.
cognitive ﬂexibility is unrelated to their level of education of those who
retire from employment.
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ooler et al. (1999) higher-educated retirees face a
iﬁcantly lower decline in their information processing
ed (as measured by the LDST) when retired than when
l employed. This suggests that it is the low educated
o suffer from a decline in information processing speed
n retirement. Using the estimates of Table 3, we ﬁnd
t a 65-year-old low-educated retired person has the
rmation processing cognition of a 71-year-old worker.
 Do mood and life-style changes explain the lower
nitive decline of retirees?
Since mood and life-style have been recognized as
jor determinants of cognitive decline, retirement may
se a lower decline in cognitive ﬂexibility when retirees
rove their mood compared to persons who remain
ployed, or when their lifestyle is more favorable to
nitive development than that of those who continue
rking. Conversely, the higher decline in information
cessing speed for those who retire from work might be
lained by a worse mood or lifestyle for retirees. We test
the effect of mood and lifestyle by adding mood
nges as well as lifestyle changes to Eq. (3.2).
We estimate Eq. (4.1), which augments Eq. (3.2) with
nges in Wit+6 between t and t + 6 where W is the vector
taining mood and our measures of lifestyle (BMI, blood
ssure and alcohol consumption):18
itþ6 ¼ X0itþ6b þ aCogit þ dERERit þ dRRRRit þ dIIIIit
þ dIEIEit þ dEIEIit þ DW 0itþ6g þ tt þ mi
þ eitþ6 (4.1)
If the variables in W are responsible for the relation
ween retirement and cognitive decline, with DWit+6 in
 regression, the coefﬁcients for mood or lifestyle, g,
uld be signiﬁcant and, at the same time, the coefﬁcients
dRR and dER should drop and become insigniﬁcant.
1. Results
Table 4 reports the estimation results when including
 variables on individuals’ mood and lifestyle. We use
ee indicators to proxy for respondents’ ‘‘revealed’’
styles. The ﬁrst two indicators reﬂect changes in
style concerning a person’s physical health, namely,
nges in (1) BMI, (DBMIt+6), and (2) diastolic blood
ssure, (DBPt+6).
19 The last life-style variable reﬂects
pondents’ drinking behavior, namely the change in (3)
the average number of glasses of alcohol per day,
(DGDrinkt+6).
20 The results reported in Table 4 show that
changes in mood are only positively related to delayed
memory changes. However, in this regression the coefﬁ-
cients for those who retired between t and t + 6 as well as
those who were retired at both t and t + 6 remain
insigniﬁcant. Changes in BMI and daily alcohol consump-
tion are not related to any of the measures of cognitive
development except for a weakly signiﬁcant relationship
between BMI and delayed memory changes. We conclude
that with respect to cognitive ﬂexibility and information
processing speed the relationships between cognitive
development and retirement cannot be attributed to
Table 4
Impact of labor market status on cognitive ability: ﬁxed-effects
regressions controlled for changes in Mood, BMI, Alcohol consumption
and blood pressure.
WLT WLT-del Stroop LDST
Employed to Employed Ref. Ref. Ref. Ref.
Retired to Retired 0.26 0.28 8.22* 1.81
(0.68) (0.42) (4.8) (1.32)
Employed to Retired 0.03 0.31 6.10** 2.10***
(0.61) (0.25) (3.01) (0.72)
Inactive to Inactive 0.49 0.37 2.13 0.83
(0.62) (0.32) (3.05) (0.86)
Inactive to Active 0.27 0.38 1.46 0.03
(0.55) (0.29) (3.40) (0.84)
Active to Inactive 0.26 0.24 3.84 0.24
(0.53) (0.23) (2.78) (0.70)
Lagged cognition 0.09* 0.03 0.22 0.28**
(0.05) (0.05) (0.22) (0.12)
Age 0.032 0.42** 6.85*** 0.86**
(0.29) (0.17) (1.59) (0.38)
Age square (/100) 0.29*** 0.37*** 4.52*** 0.93***
(0.10) (0.05) (0.64) (0.15)
Change in drinks
per day
0.04 0.02 0.26 0.02
(0.06) (0.03) (0.39) (0.09)
Change in mood 0.11 0.079** 0.06 0.00
(0.10) (0.04) (0.57) (0.11)
Change in BMI 0.03 0.04* 0.35 0.09
(0.04) (0.02) (0.29) (0.06)
Change in blood
pressure
0.01 0.00 0.09** 0.01
(0.01) (0.00) (0.04) (0.01)
Dummy wave 3-2 1.68 0.47 17.58* 3.28
(1.81) (1.02) (9.24) (2.02)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses.
To overcome a drop in sample size due to partial non-response to several
of these variables, we included for each of these variables, a dummy
variable taking for value 1 if the individual did not answer the associated
question and 0 otherwise, and impute a random value to the variable
itself where it is missing (see Footnote 18).
* p < 0.10.
** p < 0.05.
*** p < 0.01.
To overcome a drop in sample size due to partial non-response to
ral of these variables, we include, for each of these variables, a
my variable taking for value 1 if the individual did not answer the
ciated question and 0 otherwise, and impute a random value to the
able itself where it is missing. This allows us to perform the regression
the same sample as when these variables are not included. The
ation results are similar to those of separate regressions on the
ous mood and lifestyle variables.
Whereas Tzourio et al. (1999) ﬁnd that high blood pressure is
ciated with cognitive decline, Sturman et al. (2008) show that
20 Zins et al. (2011) show that around retirement, the estimated
prevalence of heavy drinking increased in both sexes. Meta-analyses ofsted for age, sex, race, and education, higher BMI is associated with
 cognitive decline.
Peters et al. (2008) suggest that small amounts of alcohol may be
protective against cognitive decline.
A. de Grip et al. / Economics and Human Biology 19 (2015) 157–169166changes in mood, BMI or alcohol consumption. A similar
conclusion can be derived for changes in blood pressure,
except for cognitive ﬂexibility, as indicated in
Table 4. Indeed, the results show that those who
experience an increase in blood pressure also have to
cope with a signiﬁcantly stronger decline in their cognitive
ﬂexibility (i.e., a higher score on the Stroop test).
Nevertheless, this does not alter the relation between
the decline in cognitive ﬂexibility and retirement; that is,
the coefﬁcients are of similar magnitude as in the previous
speciﬁcations and the coefﬁcient of those who retire
between t and t + 6 becomes even signiﬁcant at the 5%
level, as shown in Table 4.21
5. Conclusion and implications
This paper uses longitudinal test data to analyze the
relation between retirement and a person’s cognitive
development with respect to memory, cognitive ﬂexibility,
and information processing speed. Our data allow us to
distinguish between the effects of the transition from work
to retirement on a person’s cognitive development and the
persistence of these effects after being retired for a longer
period. Controlling for individual ﬁxed effects and lagged
cognition, we ﬁnd that those who retire from work face
greater declines with respect to information processing
speed than those who remain employed. However, those
who retire face less decline with respect to their cognitive
ﬂexibility. This relation appears to be persistent after being
retired for at least six years. The coefﬁcients we ﬁnd are
comparable to the effect of a 5- to 6-year age difference.
The alternative hypotheses we test show that both
relationships cannot be explained by (1) a relieved effect
after being employed in routine jobs, or a negative effect
for high-educated workers who leave a job that fostered
their cognitive abilities, (2) changes in mood, or (3)
changes in lifestyle upon retirement. Controlling for
changes in blood pressure, which are negatively related
to cognitive ﬂexibility, we ﬁnd the lower decline in
cognitive ﬂexibility for the retirees still holds. However,
since our proxies for a person’s lifestyle only pick up the
effects of lifestyle related to physical health, we can only
conclude that differences in lifestyle that may affect
cognitive decline are not related to physical health or
drinking habits. The same holds for mental health, in-so-
far as this is measured by our mood indicator. Our data do
not allow us to analyze whether the lower decline in
cognitive ﬂexibility of retirees is related to being involved
in more intellectual activities (Erickson et al., 1986), social
relationships (Cohen, 2004), or a more varied lifestyle
(volunteer activities, traveling, etc.) after retirement
(Siegrist et al., 2004).
The contrasting results we ﬁnd for information
processing and cognitive ﬂexibility seem to suggest a
trade-off between different aspects of cognition (although
the latter is only weakly signiﬁcant in the baseline
estimation): Participating in activities that develop one
aspect of cognition (cognitive ﬂexibility) might reduce the
development of other aspects (information processing).
This resembles the ﬁndings of Woollett and Maguire
(2011), who show that experienced qualiﬁed London taxi
drivers display a greater memory for spatial knowledge
but lesser memory for the delayed recall of complex
ﬁgures compared to less experienced or retired taxi
drivers or control participants. Our ﬁndings suggest that
this trade-off might particularly hold for low-educated
retirees.
Our estimation results do not support the ‘‘ﬁndings of
Bonsang et al. (2012), Rohwedder and Willis (2010) and
Mazzonna and Peracchi (2012) with respect to
persons’ recall abilities. However, with respect to these
memory abilities our ﬁndings resemble those of Coe and
Zamarro (2011). The positive relation we ﬁnd between
retirement and a person’s cognitive ﬂexibility shows
that retirement does not necessarily refer to the non-use
of a person’s cognitive abilities. Retirees may, for
instance, enrich their lives through voluntary activities,
travel, and other challenging activities that broaden
their scope compared to the narrower range of activities
at work before retirement. From this perspective, it is
understandable that this ﬁnding particularly holds for a
person’s cognitive ﬂexibility. When persons retire,
they have to learn new routines and may get involved
in a much broader range of new activities than they
were involved in at the end of their working careers.
It is interesting to see that this does not hold for those
who become inactive at a younger age because of
unemployment or other causes of labour market
inactivity.
As mentioned in the beginning of the paper, our
ﬁndings might suffer from an endogeneity problem as
people self-select into retirement. We apply dynamic ﬁxed
effect models which cannot rule out any dynamic forms of
endogeneity. We should therefore interpret our results
with caution. As most studies indicate a negative selection
into retirement, the greater decline of information
processing speed we ﬁnd for low-educated workers who
retire from work might overestimate the causal effect of
retirement. However, the positive relation we ﬁnd
between retirement and a person’s cognitive ﬂexibility
cannot be explained from a negative selection into
retirement.
Obviously, our ﬁndings may have important policy
implications. To cope with the increasing costs of an aging
population, in many industrialized countries public policy
aims to postpone the mandatory age of retirement. Our
results suggest that this postponement of retirement has a
positive effect on the information processing speed of the
elderly but accelerates the decline of their cognitive
ﬂexibility, which may increase both the social and
ﬁnancial costs of an aging population. Since the decline
in information processing speed after retirement is
especially true for the low-educated, activating such
persons after retirement could lower the social costs of an
aging society.
21 We have also tested alternative speciﬁcations such as systolic BP as
well as dummies on changes in BMI passing obesity thresholds 30 and
35 in which we found very similar results to those reported in the paper.
Non-parametric ﬁt of the relations between our four measures of
cognition and BP or BMI in our data also shows no indications of non-
linearity or discontinuity.
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le F1
loyment status transition matrix between T and T + 6 (1365 obs) and T + 6 and T + 12 (1185 obs).
Activity at T + 6
Inactive Retired Employed Total
tivity at T Inactive 22.2 0 4.8 27.0
Retired 0 19.6 0 19.6
Employed 5.3 3.5 45.6 54.4
Total 27.5 23.1 50.4 100
Activity at T + 12
Inactive Retired Employed Total
tivity at T + 6 Inactive 17.9 0 8.5 26.4
Retired 0 23.7 0 23.7
Employed 5.0 7.0 37.9 49.9
Total 22.9 30.7 46.4 100
te that because of mandatory retirement at age 65 in the Netherlands and relatively large pension beneﬁts for those who retire at an earlier age,
sitions from retirement to employment or inactivity are zero.
le F2
mary statistics: Average mean levels and standard deviations for the 3 groups of interest.
N Mean SD N Mean SD N Mean SD
Retired to Retired Employed to Retired Employed to Employed
LT 319 22.64 5.86 111 25.50 5.68 1069 28.45 5.85
LTdel 319 8.86 3.49 110 10.02 3.05 1070 11.70 2.83
roop 310 121.50 47.95 106 97.52 22.71 1066 84.99 30.06
ST 317 40.50 11.35 111 47.23 11.99 1071 56.65 10.81
e 318 75.32 6.51 111 65.72 7.29 1072 47.76 11.40
male 318 0.30 0.46 111 0.29 0.46 1072 0.39 0.49
ucation 318 3.21 1.78 111 3.91 1.98 1072 4.38 1.75
cupation 319 3.71 1.90 111 4.26 1.72 1072 4.10 1.68
ood 302 1.48 0.90 111 1.34 0.69 983 1.38 0.72
I 308 27.09 4.02 110 27.54 4.22 1054 26.78 4.21
ood presure 262 104.12 16.19 100 103.20 14.79 1033 98.57 13.79
inks/day 279 1.74 1.72 106 2.15 1.86 942 2.61 2.32
te that for all cognitive tests but Stroop a higher score indicates a higher cognitive ability. A higher score on Stroop indicates a lower cognitive ability.
ducation is classiﬁed on a scale from 1 is elementary to 8 is scientiﬁc.
ccupation is deﬁned on a scale from 1 lower level to 7 higher level.
 that when occupation is not known, it is coded 0. The share of unknowns is roughly constant across activity.
le F3
mary statistics (continue): change in variables over time for the 3 groups of interest.
N Mean SD N Mean SD N Mean SD
Retired to Retired Employed to Retired Employed to Employed
lta.WLT 319 0.3 4.9 110 0.5 5.1 1068 1.6 5.1
lta.WLTdel 319 0.2 2.6 110 0.2 2.6 1066 0.5 2.3
lta.Stroop 310 15.0 39.9 106 6.0 13.5 1064 1.1 20.4
lta.LDST 315 3.3 7.8 111 3.8 7.5 1070 0.3 5.9
lta.Mood 296 0.1 1.2 110 0.0 0.9 971 0.1 0.9
lta.BMI 304 0.4 1.8 109 0.3 1.5 1047 0.5 2.3
lta.Blood presure 252 1.2 19.1 100 3.0 20.1 1022 2.4 13.4
lta.Drinks/day 272 0.5 1.5 97 0.1 1.5 914 0.2 2.1
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Impact of labor market status on cognitive ability: (static) ﬁxed-effects
regressions.
WLT WLT-del Stroop LDST
Employed to Employed Ref. Ref. Ref. Ref.
Retired to Retired 0.29 0.25 3.74* 0.54
(0.41) (0.21) (2.16) (0.48)
Employed to Retired 0.38 0.54** 6.66*** 0.34
(0.44) (0.23) (2.37) (0.52)
Inactive to Inactive 0.14 0.06 2.93* 0.45
(0.29) (0.15) (1.55) (0.34)
Inactive to Employed 0.15 0.12 0.03 0.18
(0.37) (0.19) (1.94) (0.43)
Employed to Inactive 0.11 0.10 3.15 0.34
(0.38) (0.20) (2.02) (0.45)
Age 0.41*** 0.24*** 3.62*** 0.82***
(0.05) (0.02) (0.25) (0.06)
Age square (/100) 0.21*** 0.19*** 4.20*** 0.93***
(0.05) (0.02) (0.25) (0.06)
Dummy wave 3-2 1.33*** 0.46*** 0.58 2.61***
(0.13) (0.07) (0.71) (0.16)
Constant 9.15*** 3.24*** 159.89*** 34.07***
(1.23) (0.63) (6.48) (1.44)
Observations 4327 4323 4288 4326
No. of individuals 1798 1798 1791 1798
Standard errors in parentheses.
* p < 0.10.
** p < 0.05.
*** p < 0.01.
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